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1. Introduction 
In the paper by Chu et al. [1997a] (hereinafter referred to as 
CETAL) we developed a thermal parametric model that was 
capable of estimating physical parameters from historical pro- 
file data. The output parameters included sea surface temper- 
ature (SST), mixed-layer depth (MLD), thermocline depth 
(THD), thermocline temperature difference (TTD), and deep 
layer stratification. On the basis of the U.S. Navy's Master 
Oceanographic Observation Data Set (MOODS) that was 
taken in the Yellow Sea (YS) from 1950 to 1988, we computed 
the thermal structure functions and spatial decorrelation scales 
of the water properties in the Yellow Sea [Chu et al., 1997b]. 
The results shown in our papers were derived from •35,658 
profiles, which have provided us with the statistical seasonal 
variations of the thermal structure in this region. To our 
knowledge, these issues have not been addressed in previous 
observational and modeling studies in the Yellow Sea. 
We appreciate Lie's [1999] (hereinafter referred to as L99) 
comments on our two papers. The points he raised, to a certain 
extent, resulted from an unclear explanation of some aspects of 
our analysis and from a limitation on access to Asian (espe- 
cially Korean and Chinese) journals. We were unaware of 
previous studies on the YS thermal features reported in the 
Asian literature, such as Kang [1985], Lie [1984], Lie et al. 
[1986], Nakao [1977], Seung et al. [1990], and Zhao [1989]. On 
the other hand, most previous work was based on individual 
hydrographic surveys. Those studies did provide some insights 
into the seasonal pattern of the thermal structure in the YS for 
particular years, but they lacked statistical meaning. MOODS 
has included more than 39 years of observational data in the 
YS, and our study was the first to provide a statistical pattern 
of the seasonal variation of the thermal structure in this region. 
Detailed responses and explanations to L99's comments are 
given as follows. 
2. Bohai Sea Issue 
MOODS does not cover the Bohai Sea. The isolin½s in this 
region (see CETAL Figures 5, 7, and 8) were caused by the 
excessive extrapolation of the contour plot in our plotting 
program. This is why we did not discuss any features in the 
Bohai Sea in CETAL. We apologize that this led to a misun- 
derstanding by Lie [1999]. Again, we would like to point out 
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here that all of our discussion and results applied only to the 
YS, with no inclusion of the Bohai Sea. 
3. Synoptic and Climatological Thermal 
Structures 
There are two major approaches to investigating the YS 
thermal structure: synoptic and climatic. The first approach 
was conducted based on analysis of individual cruise data sets. 
Good examples of this approach are given by Lie [1984], Zhao 
[1989], and Chen et al. [1994]. The temporal and spatial data 
distributions of Lie [1984] and Zhao [1989] are illustrated in 
Figures la and lb, respectively. This method, however, pro- 
vides only a snapshot of the thermal structure at the time 
during measurement, which lacked statistical meaning. The 
second approach is carried out based on the statistical analysis 
of a long-term historical data set. This method provides a 
climatological pattern of the thermal structure, which is statis- 
tically meaningful. Using this approach, we analyzed 39 years 
of MOODS hydrographic data (Figure lc). The seasonal pat- 
tern of the thermal structure found in our analysis should 
represent a climatological pattern of the vertical thermal struc- 
ture in the YS. We appreciated seeing that this seasonal pat- 
tern was also found in previous synoptic studies, as pointed by 
L99. This probably suggested that the interannual variation of 
the vertical thermal structure in the YS was not significant. 
4. Intercomparison Among Different 
Data Sets 
It is good that L99 noted the discrepancy between the 
MOODS and Chinese/Korean data. We also noted this differ- 
ence during our studies. For example, the SST in the northern 
YS reported by the Editorial Board for Marine Atlas (EBMA) 
[1992] showed a cooler water mass than that shown in 
MOODS; in addition, the MOODS data did not show ice 
formation, as pointed out by EBMA [1992]. That the thermal 
pattern depicted in CETAL somewhat differed from Lie 
[1985], Zhao [1989], and Seung et al. [1990] was probably due 
to different samplings and calibrations. This raises an impor- 
tant issue of intercomparison between the data sets, including 
sampling density, quality control, and process methods. There- 
fore one should be careful in making an intercomparison be- 
tween data sets that were calibrated and sampled with different 
standards. It would be a good idea to make an intercomparison 
among Chinese, Korean, and MOODS data. However, it was 
beyond the scope of the study presented in CETAL. 
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5. Irregular Distribution of the MOODS Data 
L99 pointed out that the MOODS data were collected with 
a significant odd/even month unevenness, so that some of the 
results found in CETAL might not be statistically meaningful. 
To address this question, let us first look at Figure 2, which 
shows the monthly numbers of the MOODS profiles in the YS 
during 1929-1991. There is no significant evidence of odd/even 
month unevenness in the MOODS data as pointed out by L99. 
We also found that temporal and spatial distributions of the 
MOODS significantly differed from the Korean data collected 
during 1961-1988. It was beyond our scope to find out if the 
MOODS originally came from the Korean data set mentioned 
by L99, but, at least, his concerns here were not the case in the 
MOODS. 
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Figure 1. Observational stations reported by (a) Lie [1984], 
(b) Zhao [1989], and (c) Chu et al. [1997a, b]. 
6. SST Seasonal Variability 
Statistical characteristics ( uch as SST seasonal variability) 
obtained from data are estimates of the population features 
and largely depend on data sampling strategy. The seasonal 
variation characterized by maximum (minimum) SST in Au- 
gust (February) was found by Kang [1985] and Lie et al. [1986] 
from the Korean data set, whose temporal and spatial distri- 
butions are indicated in Figures 1 and 2 of L99 with odd/even 
month unevenness, and by Zhao [1989] from the Chinese data 
set, whose temporal and spatial distributions are indicated in 
Figure lb. The seasonal variation characterized by maximum 
(minimum) SST in late July and early August (March) for the 
central YS was found by CETAL from the MOODS data, 
whose temporal and spatial distributions are indicated in Fig- 
ures 2 and lc. Again, this discrepancy can be resolved only by 
the comparison of the MOODS data with Chinese/Korean 
data, which may lead to an ocean data set intercomparison 
program between us and our Chinese/Korean colleagues. 
7. Mechanism for a Shallow Summer Mixed 
Layer Near the Chinese Coast 
It is well known that the mixed-layer structure depends on 
buoyancy flux, wind forcing, and tidal mixing. In the inner shelf 
region the mixed layer could form owing to wintertime cooling, 
wind, and tidal mixing. The freshwater discharge tends to en- 
hance the vertical stratification around the coastal region, par- 
ticularly in the summer season [Chen et al., 1994]. CETAL 
show that the monthly mean winds in July are much weaker 
(around 50%) than in January. Kang et al. [1998] show that the 
tidal current was •50% smaller near the Chinese coast in the 
YS than near the Korean coast. Tidal currents were not strong 
enough to mix the water during summer, as river discharge 
becomes larger. The minimum thickness of the mixed layer 
found in July near the Chinese coast was mainly due to the 
increasing river discharge. 
8. Reliability and Validity of Statistical 
Analysis 
We agree with L99 that reliability and validity of any statis- 
tical analysis depend absolutely upon the amount of data and 
their spatial and temporal distributions, especially in the shal- 
low seas at midlatitudes, where the hydrographic structures are 
highly variable in time and space. It is very important to inves- 
tigate the statistical structure functions or the decorrelation 
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(a) Monthly data number distribution f the MOODS temperature profiles for the Yellow Sea Figure 2. 
during 1929-1991. These data were used to compute the statistical structure functions and decorrelation 
scales [Chu et al., 1997b]. (b) Monthly data number distribution f the MOODS temperature profiles for the 
Yellow Sea during 1950-1988. These data were used to display the thermal parameters [Chu et al., 1997a]. 
scales from the data. Without knowledge of the coherence 
structure, any mapping of data is probably meaningless. Figure 
l c shows unevenness of MOODS data distribution. The clima- 
tological features of data-sparse r gions (such as the Chinese 
coastal region) were not as reliable as data-dense regions. 
Reconstructing the Yellow/East China Sea databases to pro- 
vide a more realistic field for the data-sparse regions is one of 
our ongoing projects. 
Acknowledgments. We appreciate Heung-Jae Lie's kindness for 
mailing these papers to us, which ave helped us to address the critical 
questions raised in his comments. This work was funded by the Naval 
Oceanographic Office, the Office of Naval Research NOMP Program, 
and the Naval Postgraduate School. 
References 
Chen, C. S., R. C. Beardsley, R. Limeburner, and K. Kim, Comparison 
of winter and summer hydrographic observations in the Yellow and 
East China Seas and adjacent Kuroshio during 1986, Cont. Shelf 
Res., 14, 909-929, 1994. 
Chu, P. C., C. R. Fralick Jr., S. D. Haeger, and M. J. Carron, A 
parametric model for the Yellow Sea thermal variability. J Geophys. 
Res., 102, 10,499-10,507, 1997a. 
Chu, P. C., S. K. Wells, S. D. Haeger, C. Szczechowski, and M. Carron, 
Temporal and spatial scales of the Yellow Sea thermal variability, J.
Geophys. Res., 102, 5655-5667, 1997b. 
Editorial Board For Marine Atlas (EBMA), Marine Atlas of Bohai Sea, 
Yellow Sea, and East China Sea, Hydrology, 524 pp., China Ocean 
Press, Beijing, 1992. 
Kang, S. K., S.-R. Lee, and H.-J. Lie, Fine grid tidal modeling of the 
Yellow and east China Seas, Cont. Shelfi Res., 18, 739-772, 1998. 
18,466 CHU ET AL.: COMMENTARY 
Kang, Y. Q., Seasonal variation of heat content in the neighboring seas 
of Korea, J. Oceanol. Soc. Korea, 20, 1-5, 1985. 
Lie, H.-J., A note on water masses and general circulation in the 
Yellow Sea (Hwang-hae), J. Oceanol. Soc. Korea, 19, 187-194, 1984. 
Lie, H.-J., Wintertime temperature-salinity characteristics in the 
southeastern Hwanghae (Yellow Sea), J. Oceanogr. Soc. Jpn., 41, 
291-298, 1985. 
Lie, H.-J., Comment on "A parametric model for the Yellow Sea 
thermal variability" by P. C. Chu et al., J. Geophys. Res., 104, 5459- 
5461, 1999. 
Lie, H.-J., I. K. Bang, and Y. Q. Kang, Empirical orthogonal function 
analysis of seawater temperature i n the southeastern Hwanghae, J. 
Oceanol. Soc. Korea, 21, 1193-202, 1986. 
Nakao, T., Oceanic variability in relation to fisheries in the East China 
Sea and the Yellow Sea. J. Fac. Mar. Sci. Technol. Tokai Univ., 
special number, November 1977. 
Seung, Y. H., J. H. Chung, and Y. C. Park, Oceanographic studies 
related to the tidal front in the mid-Yellow Sea off Korea: Physical 
aspects, J. Oceanol. Soc. Korea, 25, 96-105, 1990. 
Zhao, B., Basic characteristics and forming mechanism of the sharp 
thermocline in the Bohai Sea, Huanghai Sea and northern East 
China Sea, Acta Oceanol. Sin., 8, 497-510, 1989. 
M. J. Carron and S. D. Haeger, Naval Oceanographic Office, Stennis 
Space Center, MS 39529. 
P. C. Chu, Naval Postgraduate School, Code OC/CU, Monterey, CA 
93943. (chu@nps.navy.mil) 
C. R. Fralick Jr., North Atlantic Meteorology and Oceanography 
Detachment, Box 280043, Naval Station, Mayport, FL 32228. 
(Received July 16, 1998; revised March 30, 1999; 
accepted May 18, 1999.) 
